. under which conditions do weak convergence uo in Rm) and convergence in energy I ( uo ) imply strong convergence.
A number of results that answer these questions in different generality have been obtained in [1] , [4] , [14] , [15] , [19] since the fundamental work of Morrey [36] (see also [18] , [38] , [41] , [44] for the scalar case m = 1). In recent years it has become clear that optimal results are most easily stated and proved in the framework of Young measures ( [3] , [5] , [29] - [30] , [45] ).
The purpose of this paper is to present a streamlined and self-contained approach to the theory of gradient Young measures and its applications to the above problems. We do not mention here all previous contributions in the area under discussion, but give appropriate references each time that we state a result similar to a known one or utilize a proof repeating a scheme discovered earlier somewhere else.
A NEW APPROACH TO YOUNG MEASURE
In this paper we do not touch other problems in which Young measures play an essential role (see e.g. [8] , [51] ). An intensive study of the applications of Young measure theory to PDE started since the works of Tartar [49] , [50] . continuous, see [18] .
From now on we will denote weak and strong convergence by -and , respectively. Convergence fk -* f in means convergence of integrals 10 fkgdx to 03A9 fgdx for all g E L1(0). Convergence in Rm) means convergence in for each SZ C C Q.
The ball of radius E with center at x will be denoted by B (x, E) . We denote by R nm the space of all m x n matrices and, for Other notations frequently used in this paper will be given in §3, which is completely devoted to general Young measure theory.
An improved version of fundamental theorem in Young measures by [3] , [5] states that any sequence, which is bounded in LP with p > 0, generates (after passage to a subsequence) a Young measure. Moreover, under certain conditions on an integrand the action of this measure on the integrand coincides with the limit of the values of the functional along the sequence (see [3] , [5] and Theorem 3.7 stated below). In addition to these facts a characterization of the classes of Young measures generated by gradients of the Sobolev functions was obtained in [29] . [46] .
In §2 we will recall some auxiliary facts on Sobolev functions from [1] , [7] , [25] . The most important one is Theorem 2.1 recently proved in [30] (for an alternative proof see [23] [29] . In the homogeneous case, we replace abstract duality arguments from [29] by ones relying on the integral formula for the metric corresponding to weak* convergence of measures and Theorem 3.7. Our arguments can be extended to the case of arbitrary integrands, see [47] . Then, we extend the result to the general case following construction proposed in §6 of [44] . The previous most significant results in relaxation (see [ 1 ] , [10] , [15] ) involve some additional requirements on behavior of integrands with respect to x, u. In [1] We obtain precise characterization of integrands satisfying this property at a fixed function in ~5 (see also [45] ). Results of previous authors indicated some sufficient conditions for this property to hold at a function, everywhere (see [19] , [29] , [30] , [41] , [42] , [52] , [53] and papers cited in [44] ). In the scalar case a pointwise characterization of this property has been obtained in [44] . DEFINITION 1.3. (see [29] , [30] , [39] The "sufficient" part of the theorem has been proved in [30] through arguments introduced in [29] . We also will follow these arguments in the proof of this part of the theorem. [44] , [45] [2] , [4] , [6] , [7] [9], [ 11 ] , [16] , [21] , [22] , [24] , [32] [33] [34] [35] , and papers mentioned therein. It seems that the papers [6] , [22] describe these results in the most generality.
SOME AUXILIARY RESULTS
This section contains some auxiliary facts utilized in this work. The basic fact from the theory of Sobolev functions which we need in this work is the following (see [1] , [23] , [25] , [30 [25] ). An alternative proof has been proposed recently in [23, ~4] .
Another important observation from [7] 
The proof is completed.
GENERAL YOUNG MEASURE THEORY. THEOREM ON BEHAVIOR OF INTEGRAL FUNCTIONALS ALONG SEQUENCES OF YOUNG MEASURES
In this section we will prove that the families of Radon measures with measurable actions on elements of Co(R/) can be identified with measurable functions into a certain compact metric space (Lemma 3.3).
This fact will allow us to apply some standard (but powerful) tools for constructing Young measures. In fact these tools, which are given by propositions 3.2-3.5, are enough to prove all standard results of Young measure theory (see [46] [31 ] (for more sophisticated versions of such theorems see [12] 
The following result is a version of fundamental theorem of Young measures (see [3] , [5] , [20] , [49] , [50] , [54] , [55] [5] , [20] , [30] . It [3] , [43] , and Theorem 3.7). Since [29] is based on an abstract version of the Hahn-Banach theorem for special functional spaces, the relaxation theorem in the simplest form (Theorem 4.6), and some technical approximation results (see Lemma 5 .1 and the proof of Theorem 1.1 from [29] ). We also prove this result first in the homogeneous case through the relaxation theorem (we give a direct and self-contained proof of the latter theorem). In this case we propose a proof based on the integral representation of the metric p and Proposition 4.5. This proof admits far-reaching extensions, see [47] . Then we extend the result to the general (nonhomogeneous) case utilizing construction in the proof of Theorem 3 from [44] . Before proving these theorems we will first prove a version of lower semicontinuity theorem from [1] for completeness. The proof follows arguments from [29] , [30] , [39] . After submission of the first version [48] of this paper a book [40] appeared. The author of [40] also suggests to use Young measure techniques to prove the relaxation theorem, see [40, p.65] . He proposes to use the formula which was first established in [29] , to construct a gradient p-Young measure with the property One of the aims of this our work was to develop Young measure calculus up to the level which let one make similar arguments rigorous.
